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THE EDUCATIOMAL EFFECTIVENESS OF GRAPHIC DISPLAYS FOR -CC«PUTER-ASSI.^*>^ 
INSTRUCTION - . - 



BRIEF 



Requirement: 



, To determine the current state-of-the^af-t for the use of grap.^ 
ia ithe instructional process and to specify critical' research gaps 
liicularly with respect. t:o' computer graphics'. 




Procedure: 



v.. A* review of the •literature related to the use of instructi^on* qr^ph* 
"ics was conducted. Research findings were analyzed in terms of f -^^€e 
jto whi'ch they did or did not Support theoretical assumptions and pr*.^^<>aij:- 
tibn s \cp^crer p i ng the i n s t r uc t ion a 1 va lue of gr iph i^ s • 

V ;Th4re ^is . considerable question as to the instructional ef fee ::ive;.»ness 
oil i^^^phics" inV'iSen^rkl.^ Given the cost of graphics relative to 1**^. g^r 
p^hi.sticated fiacres ent^tions/ a ^substantial effort should be directi^ 

'^^pecifying *i^ire conditib^^ "graphics may be effectively ^1 

Three ro^jo:^ factors* 9ubfl[t ant la lly influence thp effectiveness of 
task requitl^m^rits sttbjeGt-matter- content , and' learner character 

.. ' >■ ^ • ■ . ■ » ■ ^ 

UtilJ.zarti<m of FihdiAgs:' ' - , ,' ' 

^ 'this review xes^iSlted in an inrhouse pl£ln to empirically exan^ in- 
structional^ graphics through a series of experiments using a raoL^ 
tasks ^ jgiiib:|eat \mat4ear> >na .measured student characteristics typi 
encountered in ^n *rmy , train ing enviro*nitvent» 
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THE EDUCimOMAL EFFECTIVEKESS JF GRAPHIC DISPLAY?^ KCH 
•^CDMPUTER ASSISTED INSTRUCTIO>^J 



Jlon 



^ INTROC'JCTION 

impact of :om?- ::ners on the e auca^onal connmunity o-^- the last 5 
vea23 self-evidcr^. ven the cas^l ooserver cannot fai ^ note tbe 
3ub?r:i5rnrial increa& ir me number or arr:Lcles , journals , rzr- i=essional , 
^:?aa£iiz:ations , and -ndj ^ rial brochures devoted to compurer— oased instruc- 

«4*--r«.^ It is hardl " s. L^ ising that the military,, with :Lt2 -o^vy cammlt- 

nwr ^-r Z.-Z: Education anic ^^t^iing , has been among thp leaders the evaliia- 
aad developmenT: c f .'amputer instruction^ ' The extent cf this effort 
been we 11- document -*d ^elsewhere and is not addressed in t:iais report 
(F^tcnerr 1975; Ri::h ^ Vary Pelt , 1974) . 

jA^fiiat is surprisir^ , nowever, is that a survey of the Ar^nv training 
e^^Plishments indica — ^ a ^greater cl^gree of optimism among -pot enrial 
ui&>'tri| of conputer ins* ^rxion than amcng members of the research ccmmun:Lty 
(/She^fcron^ 1976). In ~^ct, Sherrcn found that the users (--re faculty and 
staff cf Army trainir^^ organizations) anticipate that operat^-onal in5)le— 
mer.',:ai:xon of computeij^^ in the instructional setting will occ-Lr much earlier 
thaz. the time foreca by the research and development commun-ity. TJiis 
iifC-rcepancy may'exis* ^cause those engaged in research and development 
rec-jMiize that the ir tial. financial investment required for ccmputer-based 
imszr-actipn is likel / be substantial. " In addition, the conditions under 
wnicr conputer instm;r-ion can enhance training effectiveness remain to be 
ajzcurate]j^^ determine- ' ' 

Tt]e introduction of a new technology requires a careful reassessment 
of the relationship netween cost and expected 'gains in performance result- 
ing from the technology. In the case of computers, this reassessment is 
especially difficult / because certain of the culpabilities uniquely pro- / 
vided by computers permit the ^^fitroduction of techniques previously imr 
pQSsible or even unknown. Although the performance" value ^ined by using 
these unique capabilities has never been evaluated, they are most likely 
to be most costly. This paper is concerned with one' of these capabili- 
ties, specifically the ability to rapidly generate and modify sophisti-^ 
cated. graphic displays. This capability is of particular interest when 
the computer is directly employed to present '^instiructional material — 
con?)uter-assisted instruction (CAI). 



■1' ■ ^ • . ■ * 

'Computer-based ir^struction is the generic term encompassing the use of 

the computer for the administration/ management/ and presentation of 

instruction.. 



Tlhe emphasis on CAI display capabilities i net piire^ arbitrary. 
One of the major costs of CAI is that of the ir-.i^ut— ratput device?^, i.e., 
student/instructor terminals. . The best estimate we nave is -hat, for a 
multi terminal CAI system, approximately 50% of "r^e Tri±1:ial izTvestimerLt is' 
for the terminals and supportive software to dr—je them. Moreover, a 
major factor- in terminal -cost is the degree of splay sophistirarion 
required. Hence, the decisionmaker concernied u allocating resources* 
in the development of a CAI system musX careful, determine rhe nsplay 
requirements of the system. The following scicc .-'rrly summarize? ~ - r 
situation: ' ' ^ 

"... questions to consider are: Will th^e use" need to per- 
tray motion graphically? Is high accuracy f tme ^drawing needed? 
. Are highly "complex rotation and size chang6P%. required on a 
continuous basis? If the answer to all of hese.is yes, tlr.en 
an elaborate and rather costly s^^stem ra ; ecrc;ired. Bu^i as 
the* user is willing to relax ^ach of thes^e r ^quilrements, 
lower cost results" (Computer Decisions^ p. 41). 

The pi;oblem for the decisionmaker, then, app^ears straightf "^rward : 
Specify the system goals, determine the system crar acteristics zsiat meet 
these goals, and then specify the hardware/sc ^rware recfuirement 5 that 
supply these characteristics. The problem is easily stated but lot so 
. easily accomplished. 

In terms of Army training, the system gr sis are usually t'r~ training 
objectives. A critical assumption is that th - o^ •actives are ceaningful 
and have tDeen evaluated in an acceptable manner. :.f the systeEi objectives 
do not relate to desired performance then, cr cou ^e, the system will be 
ineff ecl^ive. Fortunately for education and -irair ing ^research , rhe re- 
searcher may develop principles, in terms of genei;ally statod qb jectives 
or tasks, in parallel* wi^li the ^ Specif icati^n of ob: active s.i|^Pf|t arms of 
specific behaviors cr tasks. ^ i'^^ 

Leaving the question of determining system characteristics until 
last, consider the question of specifying tt>e hardware/software require- 
ments that provide desired system characteiri sties. This problem is rela- 
tively easy to solve, as the literature abounds in relevant> information"^ 
(Colson, FreemalDL, Mathews, Stettler, 1974; Kuehn,, 1966; Machover^ 1966; 
Milier, 1969;* Wei tzmari, 1973).. Although much of this work deals wi,th 
performance rather than , training systems, such a distinction poses no 
difficulty at, a molar level of specification. • 

Finally, consider tr,e determination of system characteristics. It 
is here that serious problems may exist. A major activity gf educational 
research is to provide the data upon which to base decisions regarding 
Vthose characteristics necessary to achieve system goals. To the extent 
that these data exist and are sufficient, the specification of system 
characteristics will be a relatively easy task. On the other Siand , i f 
the data are insufficient r an area needing further research has been de- 
fined. As was stated earlier, a major cost of a CAI system is -for the ^ 

V • ■ ^ ■ * ./ ■ . 



terminal.^ -r.rrludlng special software). This co'st in turn is, to a large 
extent/ _a fn2£:Ttion of the graphics cipabilit/* required. - Therefore, it 
Voujld -js^-sful^ for the CAI system designer to be able to determine 

1. rhe aegree 'to which a graphics capability will enhance instruc- 
i • C-icjnal effectiveness amd * ' ^ 

*• 

* .2. Zf graphics are desirable, the. level of sophistication required. 

Unfortunately, if the following quotations are any indication, the in 
formation necessary to answer these questions is less than satisfactory. * 

Unf-'ortunately , research has. not yielded data permitting sweep- 
ing generalizations' about media. ... Consequently, good iju^g- 
merrt must be used in planning just how to accomplish each 
instructional event for the lesson plan (Gagne & Briggs, 1974^ 
p 1 5 1 ) . - ^ - / 

T^'Tz relative effectiveness of alphanumeric versus graphic dis- 
pj^ays in communicating efficiently, facilitating learning,, 
and promoting long term retention should receive more inves- 
,tigation (Rigney & Lutz , 1974, p. 1). . 

Despite existing folklore to the effect that one picture is 
worth a thousand words, there is little in the way of scien- 
tific data to support such a contention (Haygood, Leshowitz, 
& Parkinson, 1974, p. S).^ 

Although many' of us feel that pictorial information is and 
should be extremely important to the learning process, ... 
nevertheless, when it comes to using graphic capabilities in 
Instructional situations \fe seem of teA to proceed in bumbling 
fashion, relying entirely ©n -individual intuition (Bork & 
Leahv, 1976, p. 3). ' Ix — 

r ■ ' . ^ . \ . 

Clearly, there^ is little in. tlie preceding t[Uotations to encourage 
the decisionmaker. • THis ga^ in the state-of-the-art . promf)ts b<^h' the v. , 
subject matter and the title of this report. The remainder of the report 
consists of three sections." Part one, the major portion^ reviews -the 
literature to date on the instructional effectiveness o5 graphics, includ- 
ing the special problem, of individual differences. The second part brief- 
ly' discusses CAI research with graphics, and the third portion suggests 
a framework for future research. 

WHERE ARE WE? 

4 ■ ■ 

In an attempt to organize the literature on instructional graphics, 
two things become apparent. First, there i^ an^ implicit assumption 'that ^ 
graphics increase the effectiv^ess of instruction*, and second, there are 
a number of contentions as to the reasons for this effectiveness.'.. Hence, 



the literature that' follows is organized on the basis of what might lone- 
ly be called theoretical predispositions."- These positions il^ange from ibon- 
tentions that intrinsic cues promote perceptual efficiency to emphasis on 
extrinsic motivational'-- factors. The rationale for each position is sxated 
the literature relevant to the position reviewed, a^d a brief summary pro- 
vided to' indicate "how well the literature supports the position. 



ft 

* Throughout the literature, developers of pictorial stimuli variously 
reason that viaxaals are effective because (a) they are perceived more ef^ 
they are realistic, (c) students prefer them, (d) they un- 



ficientlyv* (b) 



burden overloaded channels, (e) perceptual research has shown individual 
differences in visual ability to be^ an important variable, and (f ) visuals 
are part of a larger, more advanced instructional system. Experiments de- 
signed, in part 'to verify these explanations Have failed to support them, 
as will be seen in. the following sections <5f this review. The literature 
related to each of th^SQ rationales is discussed^, in turn. 



Perceptual Efficiency 

The belief that visuals are perceived more readily r.elates to the 
^idea that they are intrinsically bet:ter communicators and will be remem- 
bered longer because they provide referents. The concept of the intrin- 
sic value o? visuals is rather complex, but in essence it implies that 
pictures are ^perceived , encoded, decoded, and stored more naturally than 
are visual or auditory presentations of verbal stimuli (Paivio, 1969); 
hence the assumption that "the perceptual or cognitive superiority of . pic- 
torial stimuli should facilitate learning: .if visua;Ls are perceived nbre 
readily than alphanumerics , they should be better teaching devices. 

Eye Movement Patterns * Eye movement patterns have been identified in 
several studies (Brandt, 1948; Faw & Nunaally, 1967; Hess, 1965; Mackworth 
& Morandi, 1967). Subjects tend to fixate on complex areas of ]fthotcfgraphs 
where lines contour sharply (Mackworth & Morandi , 1967). However, com- 
plexity does not assure fixation. When two pictures containing attiributes 
of complexity, novelty; and pleasantness are presented simultaneously, . 
subject fixation increases primarily with degrees of pleasantness (Faw &' 
Nunnally, 1967). Thes^ and pther studies, particularly Hess' (1965) pu- 
pil dilation measurement, suggest that the subject matter of pictorial ^ 

raterial, not its physical properties alone, influences the stimuli to 
hich the learner attends. 

There is some evidence that attending to stimuli more readily does 
not automatically assure more learning. For e?cample, Ryan and Schwartz 
(1956) measured recognition time with a ; tachistoscope , believing that, 
"An illustration which required a Ibng^perception time miisf . contain con- 
fusing *or conflicting elements and therefore 'is less directly relevant 
•to Its purpose" (p. 60). They manipulated three types of pictorial 
content^ — hand, electrical knife, and steam engine cutaway — using four 
types of pictorials — photographs, shaded drawings, line drawing's, and 
cartoons. They found that line drawings require significantly longer 
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and cartoons significantly' shorter time •to be identified. Each stimulus 
"had also' been presented in several different diaaension-poses. ' A signifi- 
cant ^post/object interactibh occurred (reminiscent of tlie 'many cantent-)mode 
interactions cited in the literature). Researchers concerned with 'instruc- 
tional effectiveness rather than perceptual efficiency report opposite 
findings C^wyer, 1968a, 1368c).j ^* * ^ ' 

Along Similar theoretical lines, Rogers (1970 J presented subjects, 
with both highly al."lit:ef^tive~and' nonalliterative alphaniimeric displays , 
believing Jthat alliteration from one word would act as a/ cue for-xiearning > 
the Other; in a paired associate learning paradigm. Sbig fpupcL, liow^ror , 
that until subjects were advised (in a written ^explanation) to use the 
alliteration to-thqir a^antage ,yiiLlitera?i6n did noti signif icantlj^ im-^ 
prove learning- * ^ . 

Color Perception .' /perhaps #the clearest indicatiok thaj: ease of per- 
ception is not sufficient to facilitate learning is* the research d6nW 
using color. As, Brandt (1948) p9inted out, color draws attention. More- 
over, visual acuity may be enhanced by the- juxtaposition of chromatic and 
achromatic stimuli; dimfsnsionality. may be conveyed by -having two colors 
lie adjacent to each other, and they will most^ l^^kely be perceived in two-^ 
different planes; , and color, may be tW major cue in^the determination of 
the size, distance, and weight of the stimuli (Payrfe, 1964). Researchers 
who have attenjpted to enhance their -instructional programs by adding color 
have been laJ-gi^ly unsuccessful (DWyer, l968a, 1968d, 1968f). There are * 
undoubtedly conditions^ in which color can be used as an effective instruct 
tional cue; nevertheless, the mere addition of, color as an attention- 
getting mechanism "does not guarantee instructional effectiveness. 



Pictures and Associations . The d^dea t^iat pictures act as referents , 
that they are- able to be Absorbed as one hermetic lanit, and that this ma- 
terial can later be reconstructed and. decoded, is persi-stent in: tlie educa- 
tional literature ( Arnh^im, J972; Dwyer , 1972). Exp^iments addressing 
these propositions, howeveik, have 'shown that a behaviorist view of l^arni^ng 
from pictures by some soft of Thorndike-stamped-in association is simplis- 
tic and o^dated. In two unusual expllrinents , Ketcham and Heath (1962, " 
1963) tai^pt students using audiptape" and- Slides.* One group ^w slides 
that Related to the topic material, while another saw slides that were 
not relevant. ' A third group (audiotape only) acted as a control. Restilts 
indicated that the nonrelevant slide presentation did facilitate memo'ry 
for the topic material better than audiotape only, although not as well' 
as the relevant slide presentation. Likewise, the associations made to ^ 
pictures are more complex than the "associative value of pictures"* im^ 
plies (Deno, Johnson, & Jenkins',- 1968;* Otto , 196,?; Vforth 1968) When 
^resent^d with either a list of words or successive pictorial stimuli to ^ 
Vhich subjects were ajsked to make nonlabelin© associations, a greater sim- 
ilarity was found to /exist between* the ^ res p0nses made to the words (which 
"were independent)" than between the responses made, to a wor<^ ^nd the pic- 
ture to Which it ref^rrecj (Dpno et^kl.; 1968). * . » - 



Worth { 1968)', using Osgood's Semantic* Differential (Osgood 
Tannenbaxim , 19S7) foxind that iaanipulation of the elements with 
ture affectei^ its interpretation. Students tended to integrate 
withip. a-pict'tjre- xRto a- unified themer't he n umber of theitees ±nc: 
elenjftnts became more dissimilar • * ptto* ( 1968J also found that p: 
their verbal \d6scriptors eTOked^^tel^tative^ different response 
spouses varying according to whj|r category the%/be longed. Gar: 
foxind that csirefully derived sets of data, gi^j^/^^ted by a coit^jui 
tioning \inder* a stochastic model of human response behavior in < 
fi cation scheme for six physics ^rds.such as "velocity" and "m< 
produced only moderate to low correlation with -actual human r.esj 
Although it aplpears^ that pictures can act as referents, the con( 
under which they so have not yet been delineated. Hence, th( 
tional effectiveness of the associational value of picture^ remc 
(ietermined. 



Recognition: AudVbory^ versus Pictorial . 




The, nature of th€ 

- employed considerably affects the relation between sensory moda] 
encoding efficiency ( Ing.ersoll , 1970; Jensen, 1971). For excimp] 
nition tasks that require the Subject to monitor a stimulus hav€ 
tionally foxind that -emclitory * stimuli are more accurately detecLt€ 

^ are visual stimuli. Moreover, if the dependent measure is respc 
tency, the auditory stimuli are responded to more cfuickly than a 
visual stimuli (Jensen, 1971). 'Some theorists interpret these r 
ind^ati^e of a primary, auditory coding mechanism; visual in^tis 
fir^ be' transformed into this' audi tpry code, hence the longer r 
Latencyl Similarly^ female 'students who were required to coxint 
incy of' oncoming stimuli that* were grouped both successively a 
leously ( totaling /^|,1 ^'2 decjfsions per^autject) |)rocessed the a 
JPPstimulus (a sharp click) mo^e effectively thaui the visual (a fla 
S^.'the tactile (pressure to the forefinger) when the stiriiuli were p 
successively. As speed. of transmission increased, visual -and ta 
accuracy 'decreased sh^urply (Reese, Robinson, Stevenson, & Volkma 
^ngersoll (T970), however, indicated that the ability to .process 
^timuli more efficiently may vary among -subjects. He first pret 
siibjegts for prefei:r€?d recall. Subjects who displayed preferred 
recall remembered significantly ntorfe auditory messages , wjiereas 
' ^who displayed preferred visual recall performed better with visu 
li. In addition, auditory recall exhibited a recency effect, wh 

- sual reoall exhibited a primacy .pf feet. Thus, ease of perceptio 
torial stimuli appears to *be sitxaation-specif ic and varies with 
differences. 

' Recognition and Recall: Verbal veySus Pictorial . Recognit 
pictures is somewhat better than recognition of alphanumerics wh( 
types are judged as new or old (previously presented) (Sjaodgrass 
Finkelstein, & Goldberg, 1974). * Presenting successive stimuli, < 
ers have found visual recognition to be highly accurate even undi 
. tions of "noise" (blurr'ed or sketchy presentations) (Day & Beach 
Magne and Parknas (1963), using either pictorial, or alphantimeiric 
presented successively, required the subje^s to indicate change* 



-a 



plant structufre (roots/ etc,).. Subjects who were both taught and tested 
•by the/pic^orjLaL method performed significantly, better than thos^ in-the 
three remaining combinations. , Day and Beach's (1950) results were similar r 
indicating th^t pictorial ^timuli produced significantly better free recall 
than verbal stimuli, ''AjLthough there is evidence that" learners -ace able to 
extract 'detailed inforiyiafion from^ pictures , it seems likely that^ the supe- 
riority of pictures is. evidenced only for recognition paradigms,' Using a 
recall' paradigm r-'Bergan, Zimmerman r and Ferg (IQ^TI) presented numerical, 
pictorial^ and alphanumeric st^imuli, variously grouped and displayed, on ' 
sli<iesr wiCli four to\3even slides presented serially; / llheir fi^th-grade 
subjects did abt remember any one of the three types of ' stimuli signifi- 
cantly better than any lDther, degpi^e grouping. It appears ttxat^the - 
choice of Response measure substantially influences the effectiveness of 
the graphic presentation manipulated, . / 

' Delayed Recall , When testing is delayed, ^he results of some of the 
§Dove experiments change. For example, Jensen's experiment (•■1971 ) usilKg 
delayed recall testing ind.icatd that the visu^ mode was signif icantfy 

-.^nfiSf^i^^feCrtive-th^^^ auditory mode, with a significant time delay by 
mode xBteraction, Similarly, 'using both children and adults. Ward an^ • 

.Na^s (1974) determined that color significantly faciliftated retrieval of 
information that had been initially presented in black and white. Not 
Surprisingly,. Lantz (1974) found that' subjeats who had previously been 
taught a simple and complex wave discrimination tksk took significantly 
long€?r to produce cprrect ^responses , and the response time increased ifi 
<3irect proport$bn to the delay schedule. The paucity of research employ- 
ing the delayed, recall paradigm prevents the drawing of concluisions about 
the effectiveness of graphics under these conditions,^ 

There a;^ several hypotheses about the nature 6f- the processes b'er 
tween'the encoding and decoding phases (Brunner, 1964; Paivio'fi Yarmey, 
1966), Regardless of the internal process , a methodological prolDlem pre- . 
sents itsiftlf,. First, pictorial memory is bia'^ed'^ by recognition^ -^testing. 
Pictorial memory canrtot be effectively^ tested in the usual Response para- 
digm, because in nonrecognition testing the stibject i^S' required to make . a^^> 
vertal response , which may require ^anothef . coding »if indeed the informa- : 
tion is stored pictorially. How, then, can 'a gubject make a pictorial re- 
spbnse? Drawing almost invar iaSly touches upon distinct abilities, yet 
drawi^ng is the usual nonverbal .dependent measure, ' On the other hand, most 
tasks'* do' not require learners to manipulate the .pictorial stimuli -with 
which- they were instructed; they are more likely to be asked to perform 
somfe pe**ej^f>tual or cognitive task. Pictorial tests are not representa- ,^ 
tive of most tasks that people perform, and as such unduly bias the de- 
pendent me asvire; thus, nonpictorial testing more frequently approaches 
real- life performance requirements^ ■ I 

Summary of. Research on Perceptual Efficiency , Although there is evi-. - 
dehce that at some basic.^level visual displays facilitate information pro- 
cessing/the proportion of variance in the learning^ situation accounted for 
by such factors aS' <^ye fixation and color 'coding is negligible in terms of 
predicting the overall effectiveness of visuals for educations Not only 




has the perceptual efficiency of ;cfraphics/ been* questioned, but several 
researchers contend thjat graphics frtfc se do not substantially enhance, in- 
struction. Reviewers; report that vksuals and nonvisUaPs, or Revels of 
visuals, when compared for instructional^ effectiveness, result in the "no 
significant difference syndrome" (Allen 971 ; Brig^s, 1968; Dwyer, 1972; 
Mclteachie, 1974; Spangenberg, Riback ,.c & Moon, 1973). 

Realism , ' , • » 

• • • . / " •; ■ 

The emergency training requirement's of World^war IT produced a .demand 
for training simulators and training* aicls v^lrep ;6feudent/instructor ratios 
sharply increasefd, and the priority of equipment assignment was given 
first to combat and secant to training. These bonditions significantly . 
affected the direction of subseguen,t military training, because implicit 
in this training posture wa^ the belief that the most effective training 
procedures were those th^t most concretely approximatjed the job situatiQn, 
Longstanding,, assumptions regafrdlng the educational' value of approxitnatitig 
reality <fe;'gi».> a picture is worth a thousand wpridsjt .Wfe^J^ 9[iven .ci:^e<5|ftnce 
• aind/hence perpetuated. • 
^ • • ' .1 

Technological advances brought about the emergence of highly sophis- 
^^j^ti'Cated audiovisuals, again supported by implicit notions about stimulus : 
fidelity. Th6 emergence of audiovisuals in peacetime training was sup- 
porteca by these underlying theoretical formulations, which collectively/ 
became knbwn as the realism theories. Dale's ''''Cone of Experience" (Figure 
1) represents one attempt to define 'the relationship between the degree 
of realism and instructional media (Magne & Parknas , 1963). 

Because graphics pictorially approximate reality, it was assumed ^^at 
they were inherently effective in&tructipnal tools. It was further as- 
sumed that degree of, learning transfer was directly proportional to degree 
of pictorial fidelity. : ^ ' 

* ■ ■ .■ - • 

' Dwyer Research . The most systematic Exploration of the relationships' 
between graphic level and instructional effectiveness was conducted by 
Francis Dwyer. A complete review of his work is availabl^^n the litera- 
ture (Dwyer, 1972). Dwyer hypothesized that ■ as, the level 'of pictorial 
reality increased, so did the student's comprehension of the instructional 
material. In most of the 11 experiments cited in this sectioji, the para- 
dxgm employed by Dwyer was consistent. in seven experiments, course ma- ♦ 
terlal about the functioning of the human heart was recorded and' presented 
to the subjects by audiotape, while graphic displays were manipulated t3n ' 
slideis or other projected visuals. In the remaining four experiments, 
subjects were presented with printed text materials, with visual displays 
manipulated on book ■ plates.^ The dependent measures were four .tests: . Com- 
prehension, Terminology, Identification, and Drawing. The four tests 
could be combined to provide a total .comprehension score. The Reliability 
of these dependent measures was fairly high; the Kuder-Richardsbn Formula 
20 reported between .85 and .95 in all cases. 




The Cone of Experience depicts the, belief that there is an 
increase in learning experience as the instructional presen- 
tation goes from highly abstract to highly realistic. From 
Dale, in Magne & Parknas, 1963, p. 267.' , 



Figure 1. The Cone of Experience. 
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Iti each experime X, visT-ial display was manipu|.ated as a levels^ vari- 
able. / A verbal presentation of eitner alphanumeric or audiotape version 
alone served as the control. Dwyer expected a simple line drawing presen- 
tatipn to be less effective than a shaded drawing, which in turn would be 
less/ effective than the heart model level, and so on, the photographic 
level being the most effective. " In three experiments, Dwyer added the 
"additional variable of color, comt>aring color ari'd monochrome versions of 
hi/s visual pres.enta^tions (Dwye», 1968a, 1968d, 196af)i. 

/ ;Fin4in.g no significant differences supporting the realism hypothesis 
An hife early experiments, Dwyer presented jbhe 'same^i.materiai,, to different 
/age levels (9th- 16th graders) and. added time ^o cfompletiori and delayed re- 
/ tentioh as dependent measures- (Dwyer , 1967a, I968d, 1968f). There.was some 
/ var initio n significant results from one dependent measure tp^ another # . 
/ andVowyer' himself ha^ stated rhat his experiments failed to support the 
' realism theories. ' ^. 

■ - ..." • ' . 

■ For the. sake of clarity', the -^)wyer eTxperimen^ta cited here have been 
divided according to whether the instructional material was prejgented by 
, programed text or by pro jected . m^liferials . • 'i^ 

- ' ^ • ". ^. .. \ ^ ' . ' ' ' 

. Experiments Using^ Programed Text Materials . The programed text pre- ; 
sentation reqi^red the student to m^ke a response before continuing. 
Plates 2-^/i inches by 3-1/4 inche? presented several levels of visual 
/realism. In the nonvisual version, the term being discussed was described 
/ alphanumerically/.^^i'j^lihe plate.- '^^^dditional nonprogramed" text version 
acted a^ 'overall cqjfitror? no plates were used in the overall control. 

Table 1 shows that in two of four experiments' the ^black-and-white 
photograph presentation was more effective than the remaining alternAtives. 
. "Howeve'r, it is ;3pparent that the effectiveness of 'graphic levels varies 
from subtest to subtest. For example, on the Comprehension and Termi- 
nology tests, iri no case did students at any level perform better than 
. students wl^o received a nonpictorial version. On the Drawing and Identi- 
fication tests, however, the photographic and (in one instance) ttie color 
model were* significantly better than the nonpictorial levels. These re- 
sults are undoubtedly confounded- by Dwyer's use of test stimuli that vere 
^a function of 'presentation stimuli Dwyer, 1967b, 1968a). 

Time Correlation . Dwyer hypothesized that since they proyidj^d addi- 
tional cues, more realistic visual displays-might require greater viewing 
time. Previous experiments had not attended ' to this notion. Dwyer evalu- 
ated this hypothesis through subject report data. In three experiments , 
Dwyer asked his subjects to keep a record of how long they spent studying 
the course material (Dwyer, 1967b, 1968^, 1968f). In all three experi- 
ments , the results consistently rejected Dwyer's hypothesis. Although 
the nonprogramed , nonvisual presentation took significantly less time 
than any other treatment, students spent more time viewing the programed 
illustration with simple line drawings than any of rhe more complex visual 
versions . 
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'V' V^Miitatioii '^'^^ated, 

B - Scores jjn this level are significantly 'higher than the aWaniiiieric control. ' 
' /CrMtlcsnf^^'^'^oweekdelaye'l retention test. : I' ■ ■ , 

L -pwyer; 196fie; 2. I)«0^er,rl9d4 ^''.^^^^^ %er, 1969. ' . / , 



Expe:gMi)[ients Using 'Pi^ojected Materials * The results of Dwyer's exper- 
iments using projected materials such as slides, filmstrips, and ins,truc- 
tional. -television are , much' the seune as in his programed text man ip^ul4t ions 
(Dwyer, 1967a/ 1968b, 1968d/l968e, 1968f, 1969c, 1970b), In general /' no : 
presentation was consisterr^y more effective than the alphanumeric presen- 
tation (projected alphanumA'ics ) for the Compreherjfeion an<^^ Termin9logy 
tests. The Drawing 'test was markeck.-by significantly higher scores, simple 
line drawings being most ^ff active in six of seyen . experiment's/ The iden- 
tification test was marked by conflicting resul.ts, pictorial {Presentation 

being significant -iji some/ experiments and not in others. 

' . ' . ■ ' ■ . • •• . ■ ^ . _ 

* • , ' • ■ ■ " 

In two experiments , Dwyer took delayed retention itijeasures (Dwyei*, 

1968d", 1968f).' In most cases, scores in the alphanumeric condition were 
significantly -improved, and any initial differences between |. alphanumeric 
^ and visual presehtat ion's were eliminated. In one excep€ion~Terminoloc:;- . 
retention scores were higher foj: subjects in the black-and-white ne^rt 
model presentations and in both photographic presentatidns. These results 
.are somewhat more readily interpreted if one excludes the terminology ex- 
perimental results. Delayed retention scores theai ^how significance for 
the alphaiiumeric presentation only. When compared to delay^ rpitention 
scores uding programed texts, a discrepancy appeals: the simple line 
drawing level shows significant improveittient with delayadret^ntion, A 
possible explanati6n for this ij>co*nsistency is that these'^besults' are du 
to an interaction between the disseminating media (in this case, text, ve 
projected visuals) and the level of visual presentation. For example, 
the progjTcuned text undoubtedly allowed for more individualized instruction 
because it was self -paced, whereas the slide presentation was group admin-- 
istered. This concept i^ discussed in de1:ail in the section on visuals 
an^ media* ^ 

/- •' ' - . ^ 

{Related Research . Several researchers have manipulated attributes 

of visual displays according to the realism continuum (Cooper & Gaeth, 

1967; Wheelbarger, 1970; Moore & Sasse, 1971). Moore and Sasse (1971) 

concluded that developmental factors influence the student's ability to 

learn from pictures. When they manipulated the type (drawing, photograph, 

paiinting) and size (half-screen, quarter-screen, full screen) of project- , 

ed slides, they found that the effectiveness of display characteristics 

varied with age and grade level of t;heir subjects. • 

Wheelbarger ( 1970) , whose experiment closely followed the Dwyer para- 
digirt, found that his sixth-grade sub jects had difficulty with the materiial 
when ^suals were exx:luded. Thus, research using different age groups 
suggests that the instructional effectiveness of graphiqs fVarie^ with 
cognitive iSkills. Wheelbarger divided his subjects according to scores 
on the tiorge-Thorndike' Voi-d* norms (94 and below; 95-110; 111 and above) 
and presented them with one of several experimeTi^al slide conditions: 
alphanumeric, shaded drawings, and photograjjSsV||tthe/ l^^er two in both 
color and monochrome versions. No significant differences were reporte 
on the operations or recrall test; however, students who scored in the 
high intelligence quotient (IQ) range and who had been assigned^tqjtiie 
verbal Condition scored significantly lower than their counterparts in 



-he other experimental ' conditions ( Wheelbarger, *197C ^ ^ In contrast, 

iagaunan (1970) reported no significant differences be_ ^en verJDal and 

pictorial groups for subjects of varying IQr although jeers in .J:he 
higher IQ range scored significantly better overall. £ 

t Although no significant difference between simpI^H||^B draw ings * and 
color photographs was reported in learnAnj^ a ,task tha^^^Kired subjects 
to, pair words arid pictures Wicker \1970) reported ^^^m^^M^ strategy ^ 
(mediation or rote) used by each subject .did affect perr^raiance. ^^Media- 
tion w^s more lijjely to reduce errors -"in the photographic group. ^Again, 
it appears that intellectual and educational factors in'f luehce the ef fee- 
tiveness ^of vis^ual displays. ^ " . . 

Results of three experiments directly conflict with the-Tealism tk^en• 
cries — with the. cone of experience in particular. Following ^slie . belief 
that realism enhances learning-. Cropper (1968) compared rhe effectiveness, 
of hands-On performance versus a visual instructional program* The task , 
which required the sub j^cji^x) assemble a three-pole motor, was perfprmed 
signif icantli^ better by subjects assigned to the hands-on group. However, 
Cropper stated that this superiority was more apparent in tne early stages 

testing and suggests, that it- is the result of 'motor practice rather 
t::^.' of superior learning of the task. , 

* In contrast, Austin (1972) '*fouj^ that a 'manip^-ilative instruction 

^ group did worse than a pictorial presentation group. ^ " However , since the^ 

lesson content 'was statistics rather than a^ perceptual-motor task (having 
jT subjecrs^ f lip coins to illustrate probability theory ) , the results may not 
be meaningful in the traditional sense of memipuiation. Finally, Laner 
(1955) tested ^he effectiveness of motion pictures versus still pictures 
derived from the motion pictures for teaching a perceptual-motor skill 
for which he believed the subject needed to' understand the functional in- 
' terrelationships of parts in motion. Three immediate tests were adminis- 
tered: dra- a rough sketch, answer 18 oral questions, and assemble the 
'trieger mecanism. No significant differences were found attr:^butable 
y r' to presentation mode. 

1 ■ . . ■ 

^ Realisin and Co^or . The dimension of color has be^n of particular in- 

terest to researchers of graphic presentation, in part because color en- 
hances realism. Th- Dwyer paradigm incrlude'd the addition of color to each 
visual leve_ in three of his experiments (Dwyer, 1967b, 1968d, 1969f). ' 
^ Dwyer stated than tr_e addition of color did not result j^.an overall posi- 
tive effect (Dwyer, 1971); color did , howeve<r ; seem to fiave a somewhat 
consistent effect in Dwyer 's experiments . For example, for 'programed in- 
struction, the shat^ed drawing was not as effective as sonte visual presen- 
tations. For pro jected materials , however , shaded drawings could be 
enhanced by the addition -of color*^ The C9lor heart model • ir^ the progreimed 
presentation was effective, whereas the black and white was nor (for the 
Identification and Drawing tests). , It is possible, then, that tasks that 
require a more visual respjpnse may, at some levels, be enhaiiq^d by the 
addition of color. " > . 



, Results of other, experiments manipulating color in 'the realism con- 
tinuum are very similar (Hdgaihan, 1970; McCoy, 1962; andermeer , 1954; • 

. Wheelbarger^ 1970; Wicker, 1970). The^Wheelbarger a Wi^cker exDeriments 
already describefd found' no Significant difference attributable to the use 
of color; . Hagaman instructed all of his ^^udents "with the'same materials, 
I but he varied the level of Realism and uq^of color in his test stimuli.* 
He presented' his third-grade- subjjBcts witr 17' pictures and object narks': 

^ color picture, black-aqd-white picture , ^monochrome line drawing, or. object 
name GJ.one. Results indicated no significramt differences related to re- * 
sponse stimu!^!. Additional analysis revealed, however, that hoys responded 
significantly better tests -with cbloir pictoria^ stimuli (Hagaman, 1970). 

•McCoy hypothesized that an audience- would ratte color film presenta- 
' .tions as more^ real than black-and-white presentati<>ns G>f the same (docu- 
mentary) material.- Results indicated the reverse; \the audience more 
frequently fudged the monochrome version as- realistic TMcCoy , 1962). 
This result is probably due tc more f^;-equent exposiirse' to monochrome • 
documentaries. / • * ' 

: In an .-experiment designed tp^ tap a: vr^ual anjd social 'class interac- - 
- tion, Mo'r-gan (1971) presented" either color or blackr-and-white illustration^ 
in texts on tractor repai^ and mower maintenance".' Subjects were chosen^ 
from 'ninth graders enrolled in the South Carolina public school agricjalture 
classes andv by quota sampling were assigned to experimental conditions 
according to race and econoirdc status. Colored illustrations dz.d not have 
a significant effect on Aether immediate or dej-ayed retention ^5 weeks.'. 
Upper-cl^ss^ white subjects, tiowever,- did somewha:: better on the color 

presentatioj(\.jv- > 

* -'^ . 

f - . '-'^^ • ■ . 

Summary of Research on Realism . The hypothesis that highly realistic 

graphic ■'presentations teach Tiaterial itpre effectively than do less reali's- ^ 
tic presentations has much race validity. However, the hypothesis is not 
■ ""supported by the literature Though experimentation in this area is marked 
by lack of replication, it appears that if realistic visuals sicnif icaatly 
enhance learning, this result should be reflected in the literariire — yejt 
it is not. There is^ eviden^ce, however, that several factors may influence 
the effectiveness of -isual display. As seen in the previous srucies , 
the effectiveness of visuals has varied with the dependent measure em- 
plcryed. There is an indication that some subject matter is mdr- conducive 
to visual presentations than others. IQ.or mnemonic devices, cr -assibly 
other §uhject characteristics (e.g., age), may interact v^ith types of vi- 
suals. In addition, ^olor, which is often thought zo IrTcrease rer=. lism , has 
limited applicability. . Rather than being intrinsically effective color 
appears to enhance selective visuals, particularly in those experiments 
which use visuals as part of the resppnse requiremen-. Generally then, 
use of visuals should be carefully weighed against tas.-c, subject rr.atter, 
and student characteiti sties. 



Learner Preference and Motivation , 

r 

The opinion that visuals ^significantly affect ealrning because theyi 
^ create a pleasing** learning situation, are positive!, motivating, etc. 
is prevalent in education today, i^search on learr.ar prefer^nqe for "cer- 
tain instructional stimuli 'is seen as- a valuable adjunct to any' instrue-' 
tiorial development program; newer techno TC)^ studies are often accompanied 
by post hoc measures of a learner's attitude^ toward the instructional, 
situation (Dwyer, 1^7d; Siegel , 1975). • * . ' 

^ Some efforts to expe'rimen tally measure preffereace as arousal have 

also been made;, the most notable being the Hess research (1965) on papil- 
lary -response. ' Media preferences measured by physiological data such as 
'pillse have also been attempted- '( Bruha , 197(T; Silber, 1969).* TWese re- 
searchers found^' some,*" reaction to film as a media , but more frequently 
they found reactipns to ^ilm' conten^t. Mojre important, Bi^uha fpund a dis- 
crepancy bet.we^n teacher ancj^jptudent preferences. • There are^ however, 
little data to support -- e. not_on that a subject Vs preference for a par- 
ticular kind, of instructional stimulus necessarily af.fects performance. 
\' ^ ' . ' ' . ' - • 

Subject preferences do not necessarily enhance the teaching effec- 
tiivehess of particular nodes , liut' th^re is evidence that preference does 
Significant ly reduce attrition {Wali, '1970). In a study of adult learner 
preferences . in Iran, Wali found that both teacher choice of- mode and stu- 
d^nt pjfeferences for mode reduced tre dropout rate* ^hus, in the long 
nin, learner preference ma- affecr learning. ^ ^ 

« ^Children's Preferences . A review of, the literature of visual prefer- 
ence-has been made by Spau_ding ( 1 9.55 ), Who reported the following: Chil- 
dren .prefer books with bri_liant c:olor illustrations; these .illustrations 
should cover at least half f page, ideally a whole 'pacre; and realism of 
the illustration takes precedence over color, as cnildren prefer realistic 
black-and-wHil^e 'to colcrful nonrealistic presentarions . Children's visual 
preferences are reported to change as :they develop, a cording to Spaulding 
review. Younger children often p:" fer specific dc^or. , such as red. They 
also prefer simple line dr^v^ings, ^ereas by fifth :v ide? , most children 
prefer more complex illustrations i such as photogripns) over simple ones" 
(85% vs. 15%); Younger children prefer that the consent of illustrations 
(and thus the stories they accompany) be about fair.jiliar things, while 
older children prefer the exotic. For example, younger children prefer 
stories about domestic animals, and older children prefer stories about 
wild animals. 

Adult Preferences . Adult illustration preferences are somewhat dif- 
ferent from children' s, vith some variability owing to sex differences. 
Overall, women prefer illustrations containing more classical themes, and 
men prefer sports and do not mind mildly gory scenes. Spaulding (1955) 
reported, however, that both sexes lacked ^ interest in photographs with new 
or unfamiliar materials (e.g., ambiguous) or those "that were vague as to 
content or action" (p. 39). 



. *■ Attention ^nd ^Preference * The possibility that content is a-stronfg » 
factor in determining preference; is, suggest<^d by*Kaplai\, Kaplan, i.and 
Wendt ( 1972).^; They fouhd that/ contrary to' popular opinion, preference 
for illustrations could npt be 63cplained on a simplicity-complexity di- , 
mensio^r. . In their 'experiment , content (pastoral vs.. urban) <nad' the great-:' 
est . effect, some scenes being 'preferred to others. Sloan. (i972) also ^ 
_«fotand that content significantly affected preference, but, in her' study : 
of varying socioeconomic levels , • style of present/ati9n and ^ex of siib je,<rt 
also significantly inteVacfce^Sht^/ Overall, males p^^qferre*' thfe mqre realistic^ 
presentations. to lin^ drawings, ^and females showed more 'varied responses. 

Increasing the size of photographs ir^ newspapers has also ^eeh found ^ 
to increase attention to ascertain pictpi^ial; when a picture was large, 
subjectiB read the, accompanying-text more often. In the Sam^ way, color 
increased attention to particular stimuli, and colcfr pictures *el;Lcited inr- ' 
creased .reading of material. But alphanumeric displays such as headlinei? 
produced a/i ^iiiteractive effect between 1:he meaning of the headline and - - 
-size/'' The headline had to be phrased so as to complete a thought before 
st^bjects attended to 'the subsequent text ( Spajmlding , 1955)". 

- ■ I '.-•,» 

Visual Preference and Per formance. Overall then, there is some evi- 
dence to indicate that preferences for visual materials are a function of 
^several Individual characteristics , including age and sex. However, the* 
proposition that these factors significantly affept^ learning ^om materials 
containing the stimuli preferred Ijy a particular group, and indeed^that 
these preferences will act as screening devices, is not support e'd by the 
literature.' For example, Laughery and Fell (1969) found that despite 
learner preference for the visUal mode, subjects ih a memory-span tasV. 
performed betted on the auditory than on the visual presentation of 
material. ' • 

There is some "evidence triat preferred visual stimuli may be counter-? 
productive in some instructional situations. For example, Halbert (cited 
by Spaulding, 1955) found that illustrated versions of a text elicited 
more ideas from children, but that these ideas were more o^ten than not 
directed away from the central theme of the material In >ssence , the 
illustrated text created more distractions than did the n^nillustrated 
version. She conclud^ that if the task is t6 teach about a particular 
concept , illustration^ may be counterproductive. a ' 

Color and Preference . Perhaps the most widely accepted be^lief about 
the effectiveness of any^one stimuli, or attribute of an illustration, is 
that a color version of an illustration will more effectively communicate 
an idea than a monochrome version of the same material.' The clssumption 
for this beli*ef is that color is pleasant 'and thus a very strong motivator 
^— (-Dwyer, 1971; Laner, 1955). There is little doubt that most subjects pre- 
fer co\or illustrations (Vandermeer, 1954) , bulNas with overall preference 
for visiials, there is little evidence that thp.s "^preference significantly 
affects performance when color and monochrome presentations are compared. 
For example, Va:ndermeer showed five black-and-white films to 9th an^d 10th 
graders. Subject matter included maps, rivers, snakes/ sulfur, etc. 



. A^ei?endent measures were Hdth verbal (•sentepc*e' completion, multiple choice) 
'and - jion verbal (pipti^r^fe, graphs) • The results of tests, given both im- 
mediately after, thj? screening of v the material aind after a 6-week delay 
sjiowed no significant .difference due tq" the>addition of color. Rep3,ica- 

• tiion of this same paradigm for ninth graders with ho delayed retention • 
^^ects had the.^ame results / 'although subje'cits ;in, thi^ experiment reported 

t'hOT they preferred color prps^ntatioliS', and Subject-matter did' positively 
interact wi±h thi^ pre ferefice-jo with n^ sex. differences. - ' 

- ' ■ ' -I* 1 • ^ , 

In an attempt to measure, the '^'po^^itive a'ttituJie -tovfarcj the use of 
golor^ W;:i^t and Gardner (1960) ^ad men ( of whom t>r6-thirds were b#ue- / 
collar workers) rate three versions of^four three-color pictures , using ^ . 
Osgood's Semantic' Differential (Osgood et al. , WSiy:* The author hypothe- 

• ^i2?ed thai, color was an -additive type 'of stimuli 'and that preference for 
color would ^hqvf up? as a responsV evo^d in^ an additive' manner. They • 
found that in some cases . subjects responded- to color independently^^ of ' . 
pictorial content., but in ot>iers there was a strong c61or and content 
interaction. ^ ' 



Summary of Research on Learner Preference .. The literature indicates *' 
that visual preferences do exist, perhaps correlated vflth other factors 
-such as. age, sex, and socioeconomic position. However, there is little 
evidence to support the notion that preferences for particular -yisual 
stimuli affect "perforinance. This latter statement does n^t necessarily 
contradict the laws of motivation and learning. It may very well be that ' 
subject preference measures inclu(ke more fact^or;^ than were initially ap- 
parerft. For example, asking Subjects to describe theif preferred instruc-, 

• tiona]^ modes may elicit either "Which do I like the.bestV" or "By which ^ * 
^do I learn best?" Farr^s research (197q) addresses t-his issue. Subjects. 

4 were assigned to instructional methods according to which method they 
thought they would learn jbest by — not identical to which they preferred. . 
Subjects performed significantly better when using the method of their 
choice. Tfius it is suggested that' attitudes about learning may "be implicit 
in the preference measure chosen. •* 

«. ■ ■ " 

There is little research on preference-prediction in visuals. Visual 

^ likes and dislikes are usually measured post hoc ^Dwyer, 1972) rather 
than by assigning subjects on the basis of their preferences. Schiff 
( 1970 ) demonstrated that experimentally manipulating preference and con- 
tent in the visual situation may be awkward. Believing that co"nt'ent 
would affecti evaluation of a film, in particular ■ the estimate of the 
duration of the film (the dull films being judged as longer), Schiff 
measured like-dislike and perceived duration of several films. The re- " 
suits were not significant; subjects' estimates of film duration" were 
high-ly inActurate in all phases of the ^xperinfent. This result suggests / 
that subject report of effectiveness of some preference, factors may be 
highly uni eliable. ' ^ . 
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Preference does not appear to be an im|>ortant' variable -in instruction 
per se. Furthermore , little research has addressed the i^eparate' components 
of preference. Until, an organized body of literature suppor-tiilg preference 
as a factor in visual learning is developed, preferefice^ for visuals- , does 
not appear to^ justify their use. ^ . » .» , 



Multipl'e Sensory Input . , v 

^ The belief that graphic3 ^^^c^an increase learning b^cavise^ "tbejij add; addlj^ 
. tional . pensQry \inp\Jt ia» pfesenf in educ^itionoil t^cTinolo^ folltlore'.tpoday. 
,Seve i" a 1 'r'ejgear cheers' have addressed t^e .issue of simultaneous presentation \ 
o'f multj,f51e iSiedia ' (X:ody 1^62;' Deyoe , 196^; o'lsen , 196*^ >. AdvQcafces^ " * • 
theorize that j.f on6 medium will suffice, then * two *^o'^'^ three hiust Se bet- ' ' 
ter; or they espouse the shotgun approach— if aq effective method is «qt5 
known, try everjrthing.' , ' These thjeories have ^he±r 'basis, *in the hyf>othesis ^ 
that simult^eo\is presentations unburdert overloaded sen-^ry channel^. Two 
types of research haVe beyi described: experiments' manipulating stimuli 
on a more basic sensory encoding or perceptual lev^l («^^ presented int the 
preyious section on ^ perceptual efficiency)', and those evaluating multimedia 
ih the instructional environment V ^ \ 

• : >■ .. . , ■ ' ^ , _ . . _ • . y ; 

' / . The basic researciH* findings t have .been described in a ^review ^y Devoe 
^ 1965), who reports a growing body of li,terature indicatincf that "human 
perception" is essentiajlly 'a one channel systein*'U(p. 6). Thet^e is some 
eyddenCe that simultaneous transmis^ionfei of' simple material can be p|6- 
dressed ^ff-ectively- (Devoe, 196^; Mowbray, 1954; Sumby & Pollack, /1954j. ' 
Usually ,ehQwever , simultaneous stimuli (such as auditory andv visual sig- 
nalis) kre handled, alternately (Broadbent-, 1956; Devoe, 1965; Fitts, 
Kristoff erson, 1965). -Though the results o£ the research in this ^re,a 
arp highly complex, in most studies simultaneous transmission ^id not 
necessarily increase the effectiy'e processing of the stimuli; in fact,, 
in. some experiments subjects perforrhed worse than qhance (Mowbray, 1954).; 
Thus it cloes not appear, that, at a basic level, ^simultaneous transmissions 
necessarily unburden overloaded channels. 
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within the *instructional environinent , the results of experiments - 
t^esting the effectiveness of simultaneous media presentations have varied. 
Despite these findincfs ,' simultaneous presentations of every conceivable 
kind of au<?iovisual have been popular gimmicks, based on the^. belief that 
they lead to more efficient storage, 111 a study by OTsen (1969^), a medi- 
cal self-help cour^ was taught by one of<« several presentations using audio* 
tape and one other m|pdia, such as slides or movies. Scores on tests 
designed 1;o measure the traditional verbal' knowledge aspects were not 
significantly different; ^However, performance of the , first-aid tasks 
showed a significant gain in performance scores as more sophisticated 
media were added. In an experiment by ^Cody ' (-1962) , combinatlonsi of read- 
ing, listening, and note-taking were investigated. No inter^rence was 
indicated as a result, of the extra techniques ; however, the r[idst effec- 
tive method was silent reading. - / ^ 



Though attitudes toward simultaneous * presentations probably 
have ^ more influential effect in this area than they do in othe 
tional contexts, there is evidence that attrition rates, may be d 
cally ifeduced by the use of multimedia packages. In one jsase, a 
dropped from 40% to fi% (Hall, 1971). 

In summary,, the basic-premise that simultaneous presentatio 
v4.su$il stimuli are able tp unbu^iien overloaded channels has not 
Substantiated. Moreover., the generalizability of this premise t< 
iris^tructional environment does not appear -to be warrartted. 



Visuals and Instructional >Media • 




'In the late 1950 's and early 1960Vs, several movements towai 
use -of some audiovisual, technology began oil a n^tidnwide level, 
ample, ^'language laboratories became an adjunct to language learn: 

' closed-ttircuit TV appeared, oq 'university canpuses , and in many hi< 
Overall-, the movement vas toward more sophisticated audipvisualsi 

, visuals were transformed from the notion of teaching aids to acti 
ing devices.- Overhead transparencies, filmstrips, films, etc., \ 
quickly replaced by television language laboratories, sophistical 

, taneous training devicesM?Stoltz , 1971), and computer-assisted ir 
al systems. " ' • - , • 

* As technology advanced by leaps and bounds, however, the ins 
tional course ware for these systems progressed slowly. Materia] 
training devices in particular could be easily updated to keep U| 
equipment changes. Course material for teaching troubleshooting 
pifece of missile tracking equipment illustrates this point. Som€ 
and system approac;Jies were abandoned early, whereas other concept 
popiilar. Instructional television falls among the latter; it is 
*the few systems oo which mubh* evaluative research has been done. 

- Several studies have examined alternative ittstructiondl medi 
though there is no specific theory relating visuals artd' media , me 
studies provide an indirect m^ans of evaluating instructional gra 
as certain media readily lend themselv<^ . to graphic -depletion of 
Indeed, in some ^nstaHiCes the primary rationale for selecting a p 
Ikr medium is the capability of that medium to generate sophistic 
graphics. Ihstr'uctional television (ITV) is a. prime example of t 
latter category* ~ ' ' * 

Television . . Visual displays are intrinsic to^ an ITV approac 
^'was believed that the student could benefit from ^oth an organize 
^son and the accompanying disrpl.ays , including /closeups an,d det^iil 
actual laboratory setting, without leaving His s6S^t. Programs jie 
expensive to produce, because many students tdxild be^ taught by on 
structor on a closed-^circuit line. ^Res^a^rch, lookiftg a-t some of t 
tors influencing th^ ef fectii-veness of television for instruction 
tiful, yet^ the •T'esnlts still are somewhat . inconclusive. . There is 



doubt that, television can be a. very effective instructor (Anderson, 1972; 

^Bart, -1971;, OWyery 1968f ; Jackson,- 1955) . Bart _de scribed Isome variabil- 
ity in feffectiveness / due to socioeconomic class , in- his experiment with 
third-gr^de students* Owyef inaintained that the notion of the eibility 
of television- to acci^rately. Simula te"^ the laboratory setting (say, a phys- 

'.Ics experiment), show-detail, etc., is'an oversimplificatipri of. the de- 
sign process, as illustrated by his v^ual realism experiments (Dwyer, 

.1^72) • IJe stated that an increase in the amoupt of information con- , 
tained does not necessitate an increase in information conveyed to. the' 

• learner Furthermore, Dwye^^ asserted that most teTevised instructiorr 

'prpgrame are the Result of the producer's creativity and not systematic ^ 
ihsttuctionaj. strategies* 

There i-s evidence, however, that television can be systematically 
evalxiate^d by. propetly designed research; ' Fox example, both Barrington ^ 
(1971)^ and Jackson .( 1955 ) designed programs using ef fectiyeness feedback. 
In Barringtpn's e^qperiment ^ itwo variations of the same . material were pre- 
sented, the first being t^ped instruction CTI) of a regular cla:ssroom^' . 
lecture, and the second an edited version of the fir^t, using* cuiimatipn 
and^cutting out extr^ noise and background. Subjects, matched for* abil-- 
ity cuid sex, were-'assigned to one of the treatments. • Results indicated 
the edited program was more effective. However, there were no signifi- 
ceuit ability or treatment interactions ( Barrington , 1971). 

^ The Jackson research concentrated* on determining principles that 
would aid t'he instructor in designing effective visuals for instruction- 
al television presentations. Staff members from the Human Engineering 
Division 6f the Special De^ce Center, U.S. Nayy, rated lOSf^existing pro- 
grams for visibility (i.e., clarity of the televised iiaagie) on av14-item 
Likert scale (;:eliability = .85 - .96). The 'raitings f fell into a normal^ 
curve, with the first quartile very good and :the/ four.t1i' guar tile poor. ' 
Nextc. a display containing all the positively^ rat:e4^^atur^^ was conr 
structed. ^The other displays were then reconstructed to include portions 
of the properties derived. Ratings on ^he revised displays increased 
significantly. Finally, displays ,w<^ re rate<|^ ;^the experimenters accord- 
ing ^o the' derived principles, knd pre^ict4.ons about their' ratings wer^e 
made. Predicted ratings correlated significantly with actual ratings 
(r = .9.0). In all, 31 principles wef^e delineated on, the assumption ^t hat 
high dispj-ay quality facilitated learning. ^ ' 1 

Color . Ejqperiments testing the effectiveness .of televised instruc- 
tion included manipulating color versus black-and<-white presentations . 
(Booth, 1971; Kanner & Rosenstein, 1960). Results have mimicked color 
studies previously described, with no significant differ^ces' attrib- 
utable to the addition of color but 'some significant color-*content 
interactions. 



1 For example, the Kahher and Kosenstein paradigm selected 1 1 lessons 
from three Army Military Qccupai zonal Specialties (MOS). They presented 
black-and-white or color versions of each lesson; each lesson was given 
three times and followed^by immediate testing. Some of the test items ^ 
called "color items," either had color as an integral part of the j^rasing 
of the question or the subject was required to have specific color knowl- 
edge (fox. example/ one questipn pertained to a certain colored resistor 
and its value in ohms). Only one lesson^ Range Tracking resulted in - 
higher scores attributable to the addition of color. The deciffion to 
idevelop lesson materials in black and white followed. The. experimenters 
.felt that the results were due to a color-content interaction, or the 
small percentage of color material shown to be significcuitly more effec- 
tive (11%) did not warrant the overall use of color. 

Booth (1.971) explored the affective value of color. ^PFresponse 
to the idea that color may elicit unwanted emotional arousal, second-,, * 
third-, fourth-, and sixth-grade students of varying' socioeconomic back-*- 
grounds were presented with. either color or monochrome presentations. 
Prior, years of viewing color television' did not constitute a signifi-* . 
Ccint factori However,^ a significant developmental trend was npted. The^ 
second-grade- s^uderfts tended to internalize attitude^s portrayed in black 
and white more than. those in the color ; version, and the trend for sixth- . 
grade students was exactly— the reverse. Fourth^grade children were de- 
scrii?ed as 'being in a transition period. 

Visual versus Auditory MediA . • Overall, visuals have be eil reviewed 
afcross modalities as having some positive; yet variable, results.' Day and 
Beach ( 1950) report in their review that. for^;paired associate learning,', 
difficult material is better, presented visually, and simpler material is 
better pr^esen ted auditorily . In addition, ^he younger children did not 
benefit from vis uai Is as j±Ld the older children or the more intelligent 
children. j- ■ W • 

Visuals versus auditory modes, particularly the ^auditory presenta- 
tion found in TI, have been compared in several experiments; (Cooper & 
Gaeth, 1967; Dworkin & Holden ,i .1959; Edgerton, .1957; Hanngman, 1968). 
Some of the variability in results has been attributed to content-mode 
interactions, a:s in a study by Edgerton (1957) wherein learners gained 
more from the use of pictures (slides) on some materials than on others. 

A developmental effect includfed in the content-mode interaction was 
.^ted by Copp^ and Gaeth (1967), who presented material to students in 
gprades 4, 5, 6, 10, and 12 by visual or. auditory modes. Supplementing 
the Day and Beach observations cited above, these authors suggest that 
the ability to gain fiom pictures peaks somewhere in late childhood, cind 
that by gfade 12. students function better in a verbal (text and aural) 
mo<Je than in a visual mode. This proposition is also suggested by Collins 
(1971), who found ^that second graders perform equally well on several' 
kinds of visual-alphanumeric presentaty.bns teaching spelling. Collins 
used both an achievement test and a 1-week delayed i^etention test. 



In the Dworkin and Holden experiment (1959), filmstrip and audiotape 
. presentations. yersus_ TIrdesigned by the , saine:_.if>structor were ^compared for 
their effectiveness in teaching atom bonding material to engineering 
graduate students matche^ for education and previous course grades* No 
significant difference- was noted in course achievement* However/ ques- 
tionnaires did yield significant attitude trends* Hhe audiotape^ was 
criticized as being too f ast ( 1 35 words per minute (wpm) compared to an 
average rate of s^ech of 120 wpm) • In addition, 40% of the students in 
the experimental group said they would have liked a. chance to ask ques- 
tions* liowevier, ^tudei^t opinions did not correlate* with any trend in. 
acliievement* • 

Motion as an Instructional Cue * A few studies have directly compared 
alternative audiovisual media* For example, when, slides or filmstrip 
methods are compared to moving film presentations, the actual movemeht of 
the stimuli' describes the major difference* • Sometimes the richness 
detail, particularly the detail^pf the .simulated environment, has been 
described as a contrasting factor (Devoe, 1965)* Television and video- 
tape Have had reported effectiveness in training by reproducing behaviors 
i:hat the sxibject .can later alter, such as gymnastics (James , 1971). In 
an. educational context/ videotape was found to aid practice teachers in 
their teaching behaviors* Students in the experimental videotape group 
received significantly higher ratings in their practice ^teaching than did 
the control group who had TI practijce sessions,- rather than videotape feed- 
back (Jensen & Young , 1972)* 

Absence of background noise is also described as a factor contrast-^ , 
ing television cind TI (Sprague, 1955) , and there is some* evidence that * . 
background noise is a negative factor; but overall, motion is usually 
^degcribfed as the. important addition XPwyer ^p 1^69; Housfer/ Hpuser , & ■ -\ 
Van Mondfrans, 1970; Laner, 1954) * ' The addition, of mot ioji^ addre 
either or both of two specific strAteeries' t^he instructor is uging. First,. 
ttier« is th^ attel^lll^on-motiy^tibn. Val^ii^' ,*of * mdtion; researchers have^ looked; 
at two aspects here* Dwyer if ound that '^motion ( opera ti6n ally de^iried as 
pointing -^p the important area of the heart in videotiape presentation) , . 
did not significantly affect performance (Dwyer, 1969)* Sprague (1955) 
compared the effectiveness of four types of visual presentation of in- . 
formation about machines to sixth- and seventh-grade boys and girls* 
Magazine clippings, cbmmercial film, .and- combinations Of the two com- 
prised the experimental conditions, and jirtagiazine clippings presented as • 
a filmstrip comprised a fourth condition* No stignificant difference on 
subsequent tests was attributed to mode, except that subjects having 
higher ability did better on the commercially/ produced film than did 
those, with lower ability* Oh the other hand, Gettiager (1971) did find 
significant differences between videotape and stiill-pipture presenta- 
tipns and sub ject .( fifth and sixth graders) performance in identifying 
motion* 



22 

<!9 



-The -second strategy for using motion is to facilitate later — - - - 
perceptual-nuDtor behayipr* The siabject is thought, to be better able to . 
londer stand the interrelated movements in ^ performance task by vicarious- 
ly experiencing the task through film* Laner (1954) tested that idea by 
presenting a filmstrip or film of how to repair a broken window sash» 
The instruction included how to disassenibl^ , repai^r, and reassemble i:he 
materials. The filmstrip presentation was made from 51 stfill blowups 
from the film. It was believed that these frames did not include motion 
and overall were mvich less sophisticated than the film presentation. The 
dependent measure was a 23-it'em performance test irr which the subject, was 
rated on his ability to make the repairs; time to completion was not mea- 
sured. Results indicated no. significant differences attributable to 
inethod used, although previous carpentry experience did prove to be. 
significant. , 

Last, a comparison was made bet^^een alphanumeric aft d aural presenta- 
tions of descriptive captions accompanying a movie demonstrating to agri- 
cultural students methods for . grading cereal grains (HannCTicui, 1968). 
Both identification and performance measures were taken. Students in the 
vis\ial ' group Caljphanumeric) did significantly better on the identifica- 
tipn tests than did, students in the aural gropp. ' HoWever, no performance 
diffe^'ences were found. 

Media and Instructional iStrategy . The idea that one .medium is in- 
trinsically more ef f ective thcin any of the other me^ia is simplistic. 
The specific: factors that enftance learning in the^instructlonal situa- 
tion are* ho longer restricted to^the context of particular equipment, 
but tatheir are considered within th<e total instructional system, which . 
includes the instructional strategy. The strategy is usually built into/ 
the system, cuid f lexiibility for dh^ngihg^ this ist'rategy varies from 3ys"- 
■ tem- to. sy-fetemv- .r. ' '-r r 

■ 

that *di3f.'9<it;;'com^ sysl 

mark- 
tip loy 
whereas in- 
saching and is 

oriented to'^g^'oiip ^ir^ ^ Texts Wy dif- 

fer al&oj in add'ition t^^^ to present 

examples and t^eW;geft:e^^^ implicit in the writing 

of the mate^ria] 

-:■■■>.■/• ■ / ' ■ " t ' 

... ... - y : 

In contrast, decisi^ms about instructional strategy may also" be made 
independently of the inst^rtkctional system. In relation to learning from 
visuals, several experiments illustrate that certain instructional tech- 
niques, such as the use of advance organizers, post-organizers, and inter- 
rogative or imperative captions caa be eff ective '{Ausubel , 1960; Bertoii, 
Clasen,*& Lambert, 1972; Butts, 1956; Dwyer , 1970;f^Neu 1951 ) . 
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For slide presentations/ questions as captioiis do^riot appear to be 
as-effective as_^'deicrarative or imperative captions (ButtV/. 1956; pwy^r^ 
i976aj* In Butts* experiment/ both immediate testing and. 2-wepk deiayed 
tests showed imperative and declarative captions to be mojre^ effective 
than questions as captions/ except in the-" case of one content area. 

For .wrijiten text / there is evidence that advance organizers facili- 
tate learning (Aus\ibel/ 1961))/ and television presentations t^avd* shown a 
positive effect- for interspersed questions followed *by a 'short pause 
(Bertou et al« / 1972 )• Other attention-getting devices were manipulated. 
*^by' Neu ( 1951 ) • In. his paradigm/ both^ relevant and irrelevant material, 
wi^re used to direct the subject *-s a1:tention to particular procedures^ ' 
,The "visual attention-getting devices were of questionable relevancy; for 
example^ wh6n demonstrating that a metal niler should be oiled/ an oil 
can appe^ed -as the ,word "oil'* was spoken* Nonrelevant stimuli included 
pretty giifls anp. cows' tails* The results did not indicate that Neii's v; 
extra^^^sual cues aided ^earning; in fact/ scores on both a 104-item 
miiltiple-choice test (KR20 ^" •94) and a 77-^item recall test indicated 
that irrelevant devices^ were di St r actor s : in that they lowered scores* ^ 
In aiimmary / since visuals are associated witH the visual.. ^i-ds or advanced 
system described previously/ their value is difficult to assess. Research 
on instructional strategy indicates that some methods of presenting the, 
learner with material are more effective than others. The success of 
some media may be due to their amenability to effectively use .instruc- 
tional- principles rather than to the use'of visuals. 

Programing material for a computerized presentation/ televised pre- 
sentation/ 01;;. film requires, more planning thian do most TI presentations. 
This attention ]b6 detail and organization probably.. accounts for a good 
deal of the /effectiveness o£ the medium. If system engineering princi-. 
pies were apjDflied to TI or to less-sophisticated media such as slide 
projection/ l3?e effectiveness of both would probably be increased (Radan 
& Zuckpwsky/ 1969/ 1970; U.S. Civil Service Commission; 1971). Research 
on system' comparisons must be reviewed carefully. As G^ropper (1968) - 
stated/ most experimenta^tion of this nature is invalid/ since it does > 
not compare two equally well-constructed methods. ■ ' | - 

Although^ it -"is valuable to examine experimentation on instructional 
. media /g the results of such experimentation are confounded by a numt^er of 
factors/ including the instructional strategy/ the subject matter / -ItKe 
physical demands of the 'hardware/ and the system goals. • 



Individual Differences 

As has been discussed previously , secondary results from a number of 
experiments have suggested that graphic effectiveness is in part a func- 
tion of learner characteristics. The examination of individual differ- 
ences has received considerable impetus with the Introduction of aptitude 
by treatment interaction (^TI) methodology. As early as 1957, the appli- 
cation of ATI methodology was suggested for military^ training fEdgerton/ 
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: „_.J957)j^however/ development, .of education and training devices has _been . 
disappDintingly slow. The following discussion^ deals brief ly with the 
characteristics that appear most relevant to educational graphics research. 

Educators maintain th^t individual differences, especially in the 
traditional instruction context , hold back some students and allow others 
to excel r thereby acting both to the advantages and disadvantage of in- 
struction. It was hoped that instruction* could be designed with these 
diffei^ences in mind. Biit as Tallmadge and Shearer ( 197 1 ) indicated , , 
the process of identifying the most^ affelevant: individual differences is 
much more difficult than it first appeared to be. Educators have per- 
sisted in studying the question/ maintaining that normative data collec- 
tion and program development geared toward the average student (who does 
,not fexist) overlooks the individual and suits no one (Snow & Salomon, 

• T968). ' The goal of ATI methodology is, then^ to elucic^ate the most 
powerful effects and to develop adequate screening devipes for assign- 

• ing subjects on the basis of the important differences. 
. ■ - " . - • ' - 

* Programed instruction (PI) is a type -of . individualized program.. , It 
>~4oes not- necessarily take into account known individual differences, ex- 
cept the need for self-pacing. Many studies relating specif ic cognitive 
and piersonality variables to either medi^,or instructional strategies 
have been conducted. The' resulting significant^ interactions are almost 
as,. numerous as the studies themselves. For example, research indicates 
that: some subjects will benefit more from. visual presentations than willji 
other --subjects (Bu^h, Gress, Smith, & McBride, 1965;. Levin, Divine- 
- Hawkins,, Kerst & Guttman, 1974;- Tallmadge & Shearer, 1971 >. Theire is 
also evidence that visual effectiveness in education i^* dependent upon 
cultural and physical ^imitations (Fitzpatrick & Hansen, 1973 f Kilbride, 
ilobbin^ , & Freeinan,. 196a^^ 

•b ^- '■■ " . . ■ ■ ' 

ATI Studies have ranged frbiri those s|»king individual differences re- 
lated tb broad educational techniques, such as mode interactions (Goldberg,^ 
- 1972), to those concentrating' more on the subject-generated characteris- 
tics of the interaction, such as personality. Learner types have J^een 
proposed (Britt,oi97^;^H^Lekell, }^^)• Britt'^s study was coTrelational, 
using 59 ,000^Sub5ec^^^ in age from 9 to 19 years .plus a large com- 

puter analysis Of millions of correlation coefficients from the data. 
From these data / three leai-ner types were deduced. Haskell's procedure 
was more conventional. He (Jetermined that learner type could be related 
to adjectives operationally defined by scores on tests (e.g.,. l^iendli- - 
nes$ on the Edward's Personal Preference Schedule). 

Other types of ATI studies have emphasized the particular problems 
arising from a specific learning environment; fpr example, O'Neil's anxi- 
ety studies in the case of CAI (O'Neil, 1972; O'Neil, Speilberger, & 
Hansen, 1969). Also, since visuals have been covinterproductive in some 
experiments arid have been criticized as distractors, some studies have 
tested the distractability of visuefls. - Bee (1966) did so Iri a non-CAI 
context and found significant sex differences — females were more vulner- 
able' to distraction than males. On the other hand; Tobias (1973) did 



not find;gdistractability to be a significant factor in the CAI context. 
In effect, although ATI methodology appears promising, those character- 
istics^bf particular djnpbrtance to the xise of instructional graphics 
have not yet been clearly identified. 

Overview - - ^"Sw • 

The literature reviewed does not readily lead to a summary of the 
effectiveness of pictorial presentations in education and training. The 
escperimental results show no linear trends that clearly determine how 
the instructional program developer (or teachei) should select visuals, 
or in which situations they^. should be- used. The commonsense approach 
is restricted to face validity, as research does not definitely support 
the use of pictorials according to any consistent criteria. However, it 
has been. substemtiated that pictorials can and do, in specific instances 
have an effect on some instructional programs. ' / ^ 

Significant differences appear in a variety of studies, although 
many of these differ ence.a. are too small to have , practical application. 
Soioae instructional programs are enhanced by the use of pictorials, as 
attested by several of the studies, cited. In effect, the variable re-^ - 
suits obtained from experimentation (hence the lack of generalizability ) 
suggest that whi:re pictures do aid some kinds of learning, the specific 
conditions are. not accurately Jcnown. Nonetheless, three major factors 
that must, be accounted for do emerge: subject matter, task requirements 
and learner population characteris^cs. ;• •/ ^ , 

CAI AND graphics' , ^ , 7r 

• As the litex:ature* search progressed/ it became clear that^ reported 
resjearch directed: toward evaluating the instructiorial effectiveness of 
^aphics in a CAI context, particularly interactive graphics, was almost 
nonexistent* This section therefor^ discussed overall evaluations p£ 
CAI and related techniques, in order to identify chciracterf sties .inher- 
ent In CAI relevant to determining the contribution 6f graphics per se. 

Con5>uter-assisted instruction computer-based instruction , or 
computer-managed instruction all refer to new educational technology 
media that have the potential of presfenting the student with material 
conditional upon his responses. This interactive characteristic is 
unique to CAI. CAI critics often rebuke CAI presentationis as expensive, 
automatic page-turners for otherwise programed instriiction> This judg- 
ment may be partly correct, but the word "automatic" is not necessarily 
derogatory, because it is this feature that permits large amounts of in- 
structional material to be presented to many students in a single ses- 
sion. Moreover , interactive graphics is a potential found only in the 
CAI approach. No textual presentation can provide graphic feedback con- 
ditional upon the student's response. 
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^.1 - ii - the past -decade, many content- areas have -been presented-via CAI* 
Although rigoroiisly defined material such as mathematics and grammar has 
been, emphasized/ several major conferences have been devoted to the de- 
velopment of con^juter ciirricuia (Proceedings of the 2nd, 3rd, and 4th 
Conference. on Computers'ln the Undergraduate Curricula, 1971, 1972, 1973). 
The literature cited.^h^© includes several of these -content areas, notably 
physics, management, »^d^d math (Bennett , Bigneli , & Bradley, 1972; Bcj^, 
1971a, 1971b, 1972, 1973a, 1973b, 1974a, 1974b; Hammond, 1971; Hertlein^ 
''1972; Martin, 1973; Pe tears, 1969;; Shostack & Eddy, 1971; Wylen & Schwartz, 
1973). 

■ ' ' • — :^ • : . " , • . . ' . . ' 

The amount of research evaluating CAI is not as substantial as one 
mi^t expect. Educators apparently feel, that CAI is a future reality; 
consequently, CAI research appears^^o have been more development-oriented 
than evaluative. 

In a ^tate-of-the-ar^paper , Jerman (1972) cites several ways in 
which a CAI approach ccin 'Acilit^te educaticfn today. 



These assumptions that lead us to place as much hope as we 
do in CAI are the following: • ( 1 ) msm is capable of learn- 
ing more than he is being asked to learn; (2) there are a 
manageable number of different approaches to instruction 
that can be tailored to individual differences 2unong'. stu- 
dents; (3) through careful diagnosis insight can be gained 
on how one ought to go about individualizing instruction; 
(4) reinforcement and feedback jshould be immediate . during > 
instruction; (5) in each instance the (juality of education 
that a person receives ought to be the highest possible, 
.-(lanni in Jerman, 1972, p. 466) '-^ . 

It becomes evident , ttien, that the CAI approach allows, not only for edu- 
cation<and training but also for experimental research. » Th^ majority of 
expein^ntal resear6h seeins to^ be geared, hei:e, tbw^d leatnlrig theory, / 
m£mipu3:atf6ns rather thaun improvement of Ithe CAr product. 

In his^revieW', Atkinsph (1968) specifies three Icinds of CAI systems: 
the drill and. practice approach, which acts as an adjunct to TI; the dia- 
logue system,, ix^ which the student has complete .control over sequence of 
learning events and natural language responses to an unrestricted mode; 
and the tutorial program Which may be seen as an alternative to TI. This 
discussion, focuses on the latter system*. - 

In his stu4y of the ef fdctitreness of CAI, Atkinson used first graders 
who participated in a CAI reading program. ' The control group took' a CAI 
math coarse. Atkinson's approach to his data analyses was somevli|l% dif- 
ferent from that . of other CAI studies. Rather, than measuring th^'^differ- 
ence in rate of responding T^/hich he reported to be small) , he took fre- 
quency data, measuring the total niamber of responses made. The difference 
between the amoun^/of material covered by the slowest and "fastest child 
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was 4,000 responses in the 6-month Experimental peripd.' Atkinson concluded 
that CAI does have* the potential to meet Individual^eeds* The educational 
effectiveness of CAI also showed very positive resi^Es* Gain scores on 
the California Achievement, Test and the Hartley Reading Test showed that 
the experimental group's scores were, significantly higher^in all subtests 
"(such" as Vocabulary and Pi;onunciation) accept Comprehension. Atkinson's 
results suggest that in-order €o determine the beneficial effects of CAI, 
one camnot rely upon the traditional verbal-oriented dependent' me a sxires. 

' The literature seldom diisputes the instructional technologists' claim 

that CAI is am effective instructional tool; several reviewers have pre- 

/ ... . • * 

sented evidence that CAI is no less effective than TI (Anderson, 1967; 
Gagne & Rohwer, 1969). But objections about some aspects of the instr,uc- 
tional situation have been raised. Foremost ^6f thes^ objections is the 
conjecture that the CAI situation is highly anxiety; producing, and that 
feedback in particular can have a detrimental effect on an anxious sub- 
ject* To ^est thi^s; hypothesis , O'Neil et al. (1969) took both trait anx- 
iety ( A-trait ) me'astired by the State Trait Anxiety Inventory (STAI) 
(Spielberger , Gorsuch, & Lushene, 1969) and stat^ anxiety (A-state) . 
measured by systolic pressure.^ Variation in subject performance was 
rellted to A-gtate and difficulty of material, tiansen and O'Neil (1970) 
reported similar filfldings. In a later experiment, rather than assuming^, 
the CAI sitiation to be inherently ankiety-producing (stressful), O'Neil 
(1972) presented ailbjefets with negative feedback in his stress <?ondition. 
High A-state subjeats performed wqrse than low A-state subjects, a result 
somewhat incd9i*si*tent with drive theory. A significarit periods effect 
was also rfeported*, ^in which .errors decreased temporarily across lessons. 

Tobias (197S) studied the effects of interrupting the subject during 
the CAI presentation, calling this factor -distractabiiity. Results indi- 
cated no learning decrease, but an increase in time to completion. The 
method of presentation was also^ manipulated by having- the subject respond 
overtly or by having the subject read. The overt- resi>oi^sf was correlated . 
?5i^h better performance;'*however, it as also correlated -wit^h state anxiety, 
which was measured* at four separate 4imes in the presentation. . 

Results of several experiments , then , do not^suppor.t the hypothesis 
that CAI is' an amxiety'-producing situation that will have iiegative effect s'^ 
on' performance or personality^ In additipn, correlation between A-trait 
measures^ (eLs screening devices) and A-state measures is somewhat' low , . , - 

r .4 - .'7 (Spielberger, Gorsuch, & Lushene, *1969). / 

. ' ' ■ • • ... ««• 

Graphic Studies - " - 

CAI evaluation has. been more -dTften limited to the development of 
lesi^on content for specific subject matter than concern v^th experimental 
comparisons between £G.ternative techniques. For example, much effort has 
been made to develop CAI courseware for physics^ (Bardwell , 197*1 ; Bennett, 
Bignell, ^ Bradley, 1972; Bork, 1971a, 1971b, 1^72 , 1 973a, 1 973b , 1974a, 
1974b; Martin, 1973). These program^ have sophisticated presentations of 



jnaterials /, J^ncluding dr±fLL-f- practice ^ and tutorial lessons; -most Include 
graphics. Developers of this material have strongly advocated^ the devel- 
opment of picitorial - material for CAI (Bork, 1974a). Some experimenters^ 
(and students) have gone to great lengths to 'generate graphics/ even. using 
' 'pen plotters (Hertlein, 1972; Hur le , 1970; Papeit and Solomon, 1972), j. 
To date, then,' the move to include pictorials has been hand-in-hand with 
hardware development, without data to substantiate its need. No doubt, 
the belief in the need for pictorials for CAI has h^d over from audio- 
visuals and the* belief in the positive instructional effects of pictures. 

A more experimental approach, more fully v^tilizing the distinct pp- ' 
. tehtial of CAI, has been described by Hammond (1971). He predicts that 
the ability of CAI to produce variable graphic feedback will enhance 
decisionmaking:, and diagnostic training. For example, medical students 
may learn the "art of diagnosis using a probability approach. When .pre- 
sented with symptoms; the student generates graphic displays of how he 
wrks with the data, alongside displayi^ generated by, successful cliniciams^ 
handling the Scune data. -This procedure circumvents the right answer/ 
wrong answer paradigm more -..likely to appear in other, content areas. 
Other uses of interactive computer graphics include labor-management ' . 
feedback (Balke, Hammond, & Meyer, 1973). However/ no enpijrical evalua- 
tion of th^ effectiveness of interactive graphic presentation ha;^ b^en 
made . , . ' ^ 

Instructibnal Strategy: Reinforcement and Sequencing^ 

.Since its inception, CAI has been closely allied to d^arjiing theory, 
both because it resulted from the Skinnier ^radigm and siibsequent pro- 
gramfed instruction, and, because it was a fruitful testing ground for . 
learning thepry^ hypothesis testing. The CAI presentation n<^ceSdlta1^es " 
.decisions concerriintgr" the pr'fesentaLtion of ma'terlali ^Some of vbhesW. op- 
tions are central to old; learning \theory disputes. For .example, the 
iriethod of administering reinfprcemeht requires several decisions;' one 
such decision concerns the l^pe of reinforcement thdt should be -used* V 
Existing CAI ptpgrams have often used familiarity w^th small children-- 
-"Veijy Good, Pattil"* For adults, programs have provided randorj^jj' sam- 
pled, system-generated Reinforcing phrases — "Fifie. You're doing great," 
' or •'Exactly right 1" Some other types of reinforcement must also be de-:. 
cided a. t^iori, including decisions about feedback and reinforcement 
delays. Without presenting the mass of literature on the reinforcement 
issue, we can cite evidence that in some cases delayed reinforcement will 
enhance learning (Sassenrath & Yonge , 1968) but that the type of task may 
interact with the effectiveness of the delay (Lintz & Brackbill, 1966). 

The type of reinforcement used may influence the siibject's achieve- 
ment motivation, which may in turn influence the effectiveness of the 
procedure. There is evidence that the effectiveness of high-incentive 
conditions (money bonus) is different from the effectiveness of low- 
incentive conditions. Bahrick (1954) found less incidental learning 
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1^ under hig^-incentive conditions/ a reSult that may generalize to the 
r learning of detailed information — e.g. / sub jiects who have less incidental 
learning may leaimf ewer details. 

Decisions about the size of de*monstration units and presentation , 
length pf lessons must also be made/ althougfi there is little research 
to address these two factors. In addition/ one of the most, controversial 
questions in educational research is i4iether to present rules followed by 
exaunples or to present examples that help the student to. deriveTrules. 
Other sequencing problems include when and how to present difficulty 
levels. .1 

Mayer and:(S*Beno (1972) suggest that rule/example sequence effects 
are dependent on whether the, goal places einphasis on using the rule (per- 
.formarice) or on juore cognitive aspects (knowledge) such as formulating : 
*-c^ew ru^S/ i.e. / the :extrapolative^^rersus the interpolative needs of tl^e- 
V^asks. • , . 

Additional cuing and seqiaencing effects have also been described. 
Low-ability subjects cure reported** to respond significantly Abetter to pro- 
grams using many instructional cues (highlights/ arrows pointing/. etc* ) / 
.wner^eaig -higher ability subjects are more sensitive to the sequencing of 
material (Hall/ 1971). : 

Other factors relevant to CAI include hximan factors el'emen^s such 
as size/ marginality/ and distribution of type, all of Which. may inter- v, 
fere with reading (Gregory & Poulton/ 1970) • and the accoustical environ- 
ment/ which may. be distractive (Knirky 1970). Both these factors may 
influence learning. Some material may elicit a credibility gap;, an 
; example is the psychological material, presented by Fiks (1964)/ who re- 
ported subject mist iMist of the psychological jjnst^^uctlonal material, em- 
ployed. ^ Other media such as TV are more resistant to credibility gaps ; 
(Addis^'^1970).' : i . : > , " 

■■ :^' ' - ■ . . ;■■ V ^ : ■ ^ ■ ... 

■ ■'.■"■'*- • " ■ ' ■ - . 

programed Instruction (PI) . Much of the research relevant to CAI. 
instructional, strategy has been derived frcMn research using other tech- 
niques/ particularly PI. Fiks (1964) made onie^of the most. comprehensive 
evaluations of the effectiveness of PI when he presented material on 
space travel./ auto safety/ and psychology to visitqrs to the Indiana 
State Fair. Fiks manipulated fee<^ack delay and also obtained a three- 
question/ Likert-type attitude memure, as well as educational and demo- 
graphic data^ His results indicated a significant content-difficulty 
main effect. As the" percentage of confirmations decreased/ the number 
of errors increased. In addition/ there were significant interactions 
on the overt-covert dimension in relation to attitude;, subjects 'reported 
that they liked PI better when they were writing (overt) them when they 
were not (covert). Attitude toward PI.- did not appear to affect perfor- 
mance; however/ a credibility gap for the psychology material was evi- 
denced. A curvilinear relationship betwe^ education and feedback was 
hypothesized; the lowest educated subjects liked PI prpgresftitvely more ^ 
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■y ' • . . ^ ' ' ■ ^ ' ^ ' ' 

as /feedback was increased, and the more highly educated, subjects displayed 
a reverse trend«\ Sxab^ects also reported favoring complet'e rather than 
partial feedbac)^. Fiks concluded that sy^t^iiatic population variance be- * 
curs with programed instruction • \ . ' ' 

Self-Pacinq > As PI research continued, it became more evident that 
self-pac^g alone could not account for all individual differences. Fry 
(1972) tried to determine which guali tie s^f the self-paced instructional 
situation would influence perforthance. He pretested subjects for achieve- 
ment labpve and below the meciian on the SAT) and for incjuisitiveness, 
using a battery of tests purported to account^for 50% of the variance 
for "inquisitiveness'*' (Shulman, tioupe.,. & Piperr, 1970)# Material was 
then presented in one of * four ways-: (a) student controlled ii^struction 
(SCI), a self-paced methjod in w.hich sxabjects were encouraged to ask ques- 
tions; j(b) av structured presentation that combined expert opinion amd 
used the questions /generated 'by the first group; (c) a random presenta- 
tion? and (d) a cpntrol,,^roup of TI. Subjects were >assigned on <:he basis 
of their aptitude and inquisitiveness scores to one of the four treat- 
ments« The s\abject matter was computers. High inquisitive/higH aptitude 
(HI/HA) subjects did equally well on thfe SCI and random cbnditions and 
less well on the expert condition. Pry determined that this result was 
due to the challenge of v^orking With random material' and recommended, 
that, in general, SCI >e used for HI/HA sxabjects. HI/HA" sxabjects per- 
formed best on the expert material, and about the same on SCI and randOTi. 
'Thus inquiry may be a significant factor in self '-paced instruction. 

' Woodruff Faltz , ^nd Wagner {T966) reported that althoij^ initially 
PI was thought to compensate for individual variation, other variables 
such as personality / attitude / reading ability, arid IQ significantly . 
•affected performance on PI. Subjects were grouped according to high # 
mediuri, cuid low ability derived by combining IQ , grade point average. 
(GPA) , anb iscience .grades. Hig^-abiTity ^xabjects made .proportionately 
the fewe'st mi stakij^s; in contrast 'to, other groups,' their mistakes were 
errors of nonreS'ponse rathet than incorrect responses. Several person- 
ality characteristics^ such as achievement need were also measured, using 
the Edwards Personal Preference Schedule and Gordon Personal Inventory, 
factors (Cautiousnessv Original Thinking, Personal delations. Vigor). 
These factors were positively correlated with the* number of correct 
responses per fraune.. 

Additional Factors . Other research has- indicated that course, com- 
pletion time for PI is significantly less than that for more traditional 
methodsi (Chrisman , 1970 ) . ; Some researchers believe^ that PI is ideally 
suited for the application of learning theory principles. For example, 
Skypek (1971) determined^ two methods for teaching new words: Phase One, 
which maximized acquisition; and Phase Two, which maximi^zed retention. 
These methods could easily be programed witiiout losing continuity of 
presentation. SkypeX's research reflects the synergistic relationship, 
between 'learning theory research and CAI program develojJment today. 
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J Delayed retention studies have not necessarily shown that PI is more 
effective than other modes. Garrard (.1969) memipiilated Pl^r* TI/ and film 
when presenting inaterial to nursing A multiple-choice te^st 

sho%#ed PI significantly better at immediate testing but 'evidenced no 
significant differenced at delayed testing* 

. • > . ^ . 

Summary • . ' ' ^ » ^ 

Little. if amy research exists that directly address<?s the instruc- 
tional effectiveness of graphics yin CAI. Research that contrasts CAI 
with otlK^r media or other techniAues (in order to evaluate graphic effecr 
tiveness) must-be corfsidered vit ft caution. The apparent advantages of 
advanced audiovisual^ technology may be due as "much to the inherent in-* 
structional design requirements as to graphic capabilities. 



■ - . WHERE DO WE GO? t . \ 

■ ■ " ■ ^ ■ . - ' • ■ ■;(- ,. ■ 

Two major conclusions can be drawn from the research revis^. First/ 
it is clear that the addition of graphic instructional, materjLal ^does not 
guarantee an increase in instructional effectiveness. 'Although this point 
appears obvious/ suc^ ah assumption underlies the bulk, of the research 
reported and is responsible for a number of theo^ries or propositions re- 
garding selection of the **best" media and the <3^sign of displays for the 
presentation of graphic mater^aTT' This saune assump.tion may account for 
the paucity of research' directly addressing the are^a of interactive com^ , 
puter graphics. , ' ^ ^ \ ^ ^ 

^ ' • ■ . ^ . ^ T ^ ^ ' 

- ■ ^ «2 , . - 

The second major conclusion is ,that although .there ^ipparently, are < 
conditions in which gratphics may be an important adjunct to the in^trucr " ^ 
tional process/, there . is ciyyrently n<i^ systematic jneaiis of identifying 
these cdndi.tions.. This situation exists because def iriitiojjal and method- 
ological differences make it dif ficiil-t to do a cross-comparative analysis 
of research fiodings. Hence/ the first 9tep ^or future reseafech in this 
area is to develc^ a framework that can assist in better structuring of 
research outcomes. ^ V 

'tUhe Definitional Problem 

Although the .term "display" includes any." method for presenting 'in- 
formation (Kidd/ 1962; McCormick / 1970)/ the emphasis pn graphics re- 
stricts this term to visual displays. Unfortunately/ the term "graphics" 
itself is not clearly defined. For distinguishing different presentation 
modes, however/ certain categories emerge rather consistently. 

At a minimum/ a distinction is made between alphanumeric and other 
forms of information presentation (McCormick/ 1970; Nawrocki / 1973).'' 
Alphanumeric presentationis are those restricted to the^use of character 
sets with a direct referent, to linguistic information. - In addition/ 
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most human factors discussions of visiial JJn formation distinguish 
several- form^ of nonalphanumerlc information, i«e« # graphic info 
(Colson, Freeman, Mathews, & Stettler, 1974; Hitt, .Schiitz,, Chris 
Ray, & Coffey, 1961;* Saul, 1954)»* In generkl^ these distinction 
into three clusters: -special symbols with p?:eSesignated refeiren 
and charts indicating spatial-temporal relatilonships; and depict, 
objects. Of events via representations with varying- degrees of fi» 

A cluster derived by factor ^nal^fsis, ba^ed on cognitive^ ab. 
'pears as part of Gi^ilford' s (1967) structure of intellect model, 
proposed a semantic, symbolic ,: and figural categdVization scheme 
formation _ presentation. Hence, Guilfojfd's rtodel supports both aj 
numeric, (semantic) and at least a dichotomoue graphi^c, (syjnbol an< 
<|f.stinctian. ' I'. - V 1 

Based on the preceding discussion, the authors proM^se the : 
categorization , scheme for visual presentations: - tj' 

\ . \ - ■ 

1. Alpha9umer*ic-*-the presentation of information via a set 

• • • charactetsv with direct lihguistic referents , mutually a< 

, j upon by a language commi^ity^ and- ' * 

* ' ■ . 

2. Graphics — nonalphanyuneric information presentation,- to j 

a. Symbolic — character s^ts in whic^ each character hat 
: pre designate (f> but' rionlinguistic,'^l^erent to a spec 
1 .object o^ cohcfept; . ^ ' * . 

b. Schematic--two-dimensional line reprekentationg^ of £ 
or^ temporal relationships; and ^ •<^. ' 

c. Pictprial — repr-esentatiori of object^ or events, to i 
i^heir ralationshlps , but with the' representation ha^j 
^some degrfee of f/ldelity to the f*iysical characterist 

' ' these objects^oif events. ' 

These definitions are suggested as an initial cStep toward p± 
a baseline for future research ^and minimizing problems in semanti 
mittedly there is room for refinement of these def ignitions , and c 
many visyal displays will combine features characteristic of more 
one category^ Hbwever, the evidence cited previously suggests th 
four-catggory scheme is a reasonable compromise between several a 
tives. In any case, reseatch .would benefit from explicit definit 
terms such as graphics and visuals./- ;^ " .. - 



Rese arch Framework ; • 

Research on. ihstruetioxtal graphics sl^ould .take into account the^ • : 
three majot variables* ideafciJfied in this report: T^sk/*' Content /and 
Individual Differences. . In terms of Task and Content, a number of 
taxonomies exi'st, albeit on a descriptive level. A promising taxonomy • 
that combines features derived. ^fe^m previous efforts is that of Merrill • 
and Boutwell (1973), / ' - . • ' 

^errill* amd Boutwell develope^J a taxonomy which considers both the 
content and 'task (behavior) dimensions (Figure 2). It is likely that ^a 
n\imber of ambiguities in the airea^^of instructional graphics would be 
clarified fay Adopting this taxonomy ^as a mieans for comparative analysis 
of future research results. ; • ^ 

The roost promising approach to determining the influencejinDf indi- * 
vidual differences is the Aptitude by Treatment Interaction ^TlK design. 
Those population characteristics which ap^j^ar'to have potential, predic- 
tive value have bean ^scussfed in the ATI section of this review. C)the# 
critical characteristics remain to be determined > and experimentation 
that correlates a number of aptitude measures to the dependent variables 
wiir be necessary- prior to true ARI experimentation. 

Final ly» the dependent irteasures chosen should be as inclusive as 
possible. The realism research ' indicates that' overall performance will 
be difficult to interpret if visual and verbal ^task components have not 
been isolated. Moreover/ rthe same research suggests tftat del ay e'd reten- 
tion ttieasures may reducfe or eliminate ef fleets obtained using 'measures 
of immediate .retention. A systematic research ^T^x^qzam is underway with- 
in ARI/ based on the^^amework described. 
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Figure 2. Task by Content taxonomy 
(adapted from Merrill and Boutwell, 1973). 
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